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(54) RESIST COMPOSITION AND RESIST PATTERN FORMING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to response to 
exposure light in the deep ultraviolet wavelength region typified by 
Krypton or Argon fluoride excimer laser beams and the like by 
incorporating an alkali-insoluble polymer made from a monomer having 
on the side chain a carboxylic group combined with a protective group 
having a specified polymer group, and solubilized in a basic solution, 
when this protective group is released from this side chain. 
SOLUTION: The base polymer of this resist composition has the 
carboxylic group combined with the protective polymer group on the side 
chain in each monomer unit and it is insoluble in an aqueous basic 
solution, but when this protective polymer group is released from the 
side chain, the base polymer is made soluble in an aqueous basic 
solution. This protective polymer group is represented by the formula in 
which R is an H atom or a monovalent hydrocarbon group and it is linked 
to the site except the 3-position; and (n) is 1,2. 3. or 4. When this resist 
film comprising this resist composition and a photo- acid-generator is 
exposed to the deep ultraviolet rays, an acid is produced in the exposed 
area and the protective polymer group of the carboxylic group is 
released to enhance sensitivity. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has a protective group content carboxyl group in the side chain of a monomeric unit, it is insoluble in 
a basic water solution, when the protective group of said carboxyl group is desorbed from a side chain, it 
becomes meltable in a basic water solution, and the protective group of said carboxyl group is [Formula 1]. 




... (1) 

It is a resist constituent containing the polymer which is (R expresses hydrogen or a univalent hydrocarbon 
group, n is the integer of 1-4, and the joint location of R is a location except the location of the 3rd place which 
is carrying out the ester bond). 

[Claim 2] The resist constituent according to claim 1 whose R of said protective group is one radical chosen 
from the group which consists of an alkyi group, an alkoxyl group, and an alkoxyl carbonyl group. 
[Claim 3] The resist constituent according to claim 1 whose n R of said protective group is hydrogen and is 1. 
[Claim 4] The resist constituent according to claim 1 to 3 which is one monomeric unit chosen from the group 
which a polymerization partner's monomeric unit in said polymer becomes from an acrylate system monomeric 
unit, a methacrylate system monomeric unit, a vinyl phenol system monomeric unit, N-permutation maleimide 
system monomeric unit, and a styrene system monomeric unit. 

[Claim 5] The resist constituent according to claim 1 to 3 whose monomeric unit of a polymerization partner in 
said polymer is a monomeric unit which has an ester group containing a polycyclic nature alicyclic hydrocarbon 
part. 

[Claim 6] The resist constituent according to claim 5 with which said polycyclic nature alicyclic hydrocarbon part 
contains an adamanthyl radical or a norbornyl group. 

[Claim 7] Furthermore, ethyl lactate, methyl amyl ketone. methyl-3-methoxy propionate. ethyl-3-ethoxy 
propionate, and the resist constituent containing at least one solvent chosen from the group which consists of 
propylene glycol methyl ether acetate according to claim 1 to 6. 

[Claim 8] Furthermore, butyl acetate, gamma-butyrolactone, and the resist constituent according to claim 7 that 
contains at least one solvent chosen from the group which consists of propylene glycol methyl ether as auxiliary 
solvents. 

[Claim 9] Furthermore, claims 1-8 containing the photo-oxide generating agent which will generate an acid if 
light is absorbed and it decomposes are the resist constituents of a publication either. 

[Claim 10] The resist constituent according to claim 1 to 9 whose absorbance to light with a wavelength [ of 
deep ultra-violet range ] of 1 80-300nm is 1 .6 or less. 

[Claim 11] It has a carboxyl group containing other protective groups from which a polymerization partner s 
monomeric unit in said polymer can be desorbed according to an operation of the acid generated by said photo- 
oxide generating agent in the side chain of the monomeric unit, and these other protective groups are [Formula 
2]. 




It is the resist constituent according to claim 9 or 10 which is (R1 expresses the substitution product of the 



.alkyi group of the straight chain containing 1-4 carbon atoms, or branched chain, or this alkyI group, and Z 
expresses the group which constitutes an alley die hydrocarbon radical with the carbon atom which R1 
combined). 

[Claim 1 2] The formation approach of a resist pattern including the process which applies one resist constituent 
of claims 9-1 1 on a processed substrate, and forms the resist film, the process which exposes said resist film 
alternatively with the light which can carry out induction of the decomposition of said photo-oxide generating 
agent, and the process which develops the resist film after exposure in a basic water solution. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of of the resist constituent and resist 
pattern suitable for exposure by the light of especially short wavelength, such as excimer laser, about the 
formation approach of a resist constituent and a resist pattern. 
[0002] 

[Description of the Prior Art] In recent years, high integration of semiconductor integrated circuit equipment 
progresses, and the minimum line width of a circuit pattern has reached the field of a subhalf micron. For this 
reason, it is pressing need to establish ultra-fine processing technology, and in the lithography field, in order to 
meet that demand, development of the technique which short-wavelength-izes exposure light to deep ultra- 
violet range to a far-ultraviolet field pan prospers. With short-wavelength-izing of exposure light, there is little 
light absorption in such short wavelength, it is high sensitivity and development of a resist ingredient with high 
dry etching resistance serves as pressing need. 

[0003] The photolithography technique using hooker krypton (KrF) excimer laser with a wavelength of 248nm as 
a new exposure technique in current and semi-conductor manufacture is studied briskly. As a resist ingredient 
with the high sensitivity and high resolution which can respond to KrF excimer laser The resist constituent using 
the concept called a chemistry magnification mold is proposed. J.M.J.Frenche et al., Proc.Microcircuit Eng., and 
260 (1982) ~ [ for example, ] H. ~ Ito ** ~ Digest of Technical Papers of 1982 Symposium on VLSI 
Technology and 86 (1983) ~ H. ~ Ito ** ~ "Polymers in Electronics", ACS Symposium Series 242, and 
T.Davidson Editing, ACS, 11 (1984), and U.S. Pat. No. 4,491,628. 

[0004] The fundamental concept of the above-mentioned resist constituent makes catalytic reaction cause in 
the resist film, raises an apparent quantum yield, and is based on attaining high sensitivity-ization. 
[0005] Light explains to a t-butoxy KARUBONIRUPORI vinyl phenol (t-BOCPVP) taking the case of the 
chemistry magnification mold resist constituent which added the photo-oxide generating agent (PAG) which has 
the operation which generates an acid. In the exposure section of a resist, with heating after exposure, and the 
so-called postexposure baking (PEB), a t-BOC radical ****s and it becomes isobutene and a carbon dioxide. 
Moreover, the proton acid produced at the time of desorption of a t-BOC radical serves as a catalyst, the 
above-mentioned deprotection reaction advances continuously, and the polarity of the exposure section changes 
a lot. By choosing the suitable developer which can respond to a big change of the polarity of the exposure 
section, a resist pattern can be formed easily. 
[0006] 

[Problem(s) to be Solved by the Invention] Research of the photolithography technique which used argon 
fluoride (ArF) excimer laser with wavelength shorter than KrF excimer laser (wavelength of 193nm) for 
implementation of an integrated circuit device with a degree of integration high recent years more also prospers. 
By conventional phenol system resin, since absorption of this wavelength region is strong, to improve from base 
material resin is required. 

[0007] when the chemistry magnification intervention component which exists in the side chain of the 
monomeric unit of the polymer which constitutes a chemistry magnification mold resist is carboxylate, as a 
suitable protective group for the carboxyl group, t-butyl, 1, and 1-dimethylbenzyl radical, a tetrahydropyranyl 
group, a 3-oxocyclohexyl radical, an isobornyl radical, etc. are known — **** — it does not pass but to offer a 
still more effective protective group is desired. 

[0008] The purpose of this invention is offering the resist constituent which can respond to the exposure light of 
the deep ultra-violet range represented by KrF or ArF excimer laser. 

[0009] Other purposes of this invention are offering the formation approach of the resist pattern using the resist 
constituent which can respond to the exposure light of the deep ultra-violet range represented by KrF or ArF 
excimer laser. 
[0010] 

[Means for Solving the Problem] According to one viewpoint of this invention, it has a protective group content 



•carboxyl group in the side chain of a monomeric unit, it is insoluble in a basic water solution, when the protective 
group of said carboxyl group is desorbed from a side chain, it becomes meltable in a basic water solution, and 
the protective group of said carboxyl group is [001 1]. 
[Formula 3] 




... (3) 

The resist constituent containing the polymer which is (R expresses hydrogen or a univalent hydrocarbon group, 
n is the integer of 1-4. and the joint location of R is a location except the location of the 3rd place which is 
carrying out the ester bond) is offered. 

[0012] The resist ingredient which added the photo-oxide generating agent to the above-mentioned resist 
constituent according to other viewpoints of this invention is applied on a processed substrate, and the 
formation approach of a resist pattern including the process which forms the resist film, the process which 
exposes said resist film alternatively with the light which can carry out induction of the decomposition of said 
photo-oxide generating agent, and the process which develops the resist film after exposure in a basic water 
solution is offered. 

[0013] Exposure of the resist film which consists of a resist ingredient which combined the photo-oxide 
generating agent with this resist constituent generates an acid into an exposure part. The protective group of a 
carboxyl group ****s according to an operation of an acid. At this time, proton acid is reproduced and the 
protective group of a carboxyl group ****s further according to an operation of this acid. Thus, since the acid 
which is needed for the desorption of a protective group is reproduced, sensibility increases. 
[0014] Moreover, since this resist ingredient does not have the aromatic series ring which has big absorption in 
deep ultra-violet range, and conjugated double bond, it shows high permeability to the light of deep ultra-violet 
range. For this reason, it is applicable to the photolithography using the exposure light of ultrashort wavelength, 
such as ArF excimer laser. 
[0015] 

[Embodiment of the Invention] It has a protective group content carboxyl group in the side chain of a monomeric 
unit, the resist constituent by one gestalt of operation of this invention is insoluble in a basic water solution, and 
when the protective group of a carboxyl group is desorbed from a side chain, it contains in a basic water solution 
the polymer which becomes meltable. The protective group of this carboxyl group is [0016]. 
[Formula 4] 




... (4) 

[0017] It is come out and expressed. R is hydrogen or a univalent hydrocarbon group, n is the integer of 1-4 
here, and the joint location of R is a location except the location of the 3rd place which is carrying out the ester 
bond. In addition, R is an alkyi group, an alkoxyl group, or an alkoxyl carbonyl group preferably. In using as a resist 
ingredient, it combines with an above-mentioned polymer the photo-oxide generating agent which generates the 
acid with which it will decompose if light is absorbed, and the desorption of the protective group of a carboxyl 
group is caused. Below, the mechanism of the chemistry magnification in this resist constituent is explained. 
[0018] The photo-oxide generating agent (PAG) in a resist constituent generates an acid by exposure after 
formation of the resist film. If the resist film after exposure is heated, the acid produced previously will act in 
catalyst and the following reactions will advance in the membranous exposure section. 
[0019] 
[Formula 5] 




... (5) 

Here. R and n are the same as the case of a general formula (4). 

[0020] The acid sensitivity polymer which is base material resin of the resist constituent in the gestalt of this 
operation contains in the ester part of the monomeric unit easily the functional group from which it can be 
desorbed with heating under existence of an acid catalyst. Proton acid is reproduced by the desorption of a 
functional group and high sensitivity-ization can be attained by it. Moreover, since a carboxylic acid generates 
after desorption of a functional group, the exposure section of the resist film becomes meltable in a basic 
solution, and can be developed in a basic water solution. The resist pattern obtained is a positive pattern with 
which dissolution removal of the exposure section is carried out. In addition, with the gestalt of this operation, 
since pattern formation is performed using a polar change produced in a polymer, a pattern without swelling is 
obtained. 

[0021] Moreover, you may make it the acid sensitivity polymer used as base material resin of the resist 
constituent of the gestalt of this operation take the gestalt of a copolymer. In this case, it is desirable to have 
the same functional group also in the 2nd monomeric unit into the ester part of the 1st monomeric unit in 
addition to having easily the functional group from which it can be desorbed with heating under existence of an 
acid catalyst. In such a case, since the functional group of both copolymers may **** by the acid catalyzed 
reaction, sensibility and definition higher than the copolymer constituted so that only the functional group of one 
of the two's monomeric unit might **** and a soluble change might be given can be acquired. 
[0022] In the resist constituent by the gestalt of this operation, the acid sensitivity polymer used as the base 
material resin is not especially limited, as long as the conditions of having a chemistry magnification operation 
are fulfilled. However, when acquiring about the same dry etching resistance as a novolak resist is taken into 
consideration, use of an acrylate system polymer, a methacrylate system polymer, a vinyl phenol system 
polymer. N-permutation maleimide system polymer, a styrene system polymer, etc. is recommended. When using 
deep ultraviolet as an exposure light, the absorption of light in deep ultra-violet range is important for especially 
an acrylate system and a methacrylate system polymer in a small point. If it puts in another way, when making 
deep ultraviolet into exposure light, it is desirable to use the polymer which has structure which does not contain 
a chromophore with the big aromatic series ring of the light absorption in deep ultra-violet range and molar 
extinction coefficients, such as conjugated double bond, large generally, 

[0023] In using the exposure light of an ultrashort wavelength field like ArF excimer laser, the transparency in 
the wavelength (193nm) of the exposure light concerned is needed with dry etching resistance. For this reason, 
it is desirable to use the polymer which has an ester group containing the alicyclic hydrocarbon part, for 
example, the adamanthyl radical, and norbornyl radical of polycyclic nature with high dry etching resistance, 
excluding [ instead ] strong ******** of absorption. Especially, use of an acrylate system and a methacrylate 
system polymer is recommended. 

[0024] Furthermore, the molecular weight (weight average molecular weight Mw) of an acrylate (meta) system 
polymer and other acid sensitivity polymers can be changed in the large range. The desirable molecular weight of 
this polymer is 2,000-1,000,000, and more desirable molecular weight is 3,000-50.000. 

[0025] Specifically, the desirable acid sensitivity polymer in the gestalt of operation of this invention includes the 
polymer expressed with the following general formulas. In addition, m in a general formula is the number of 
monomeric units (repeat unit) required to obtain above-mentioned weight average molecular weight, LAC is a 
lactone part expressed with a general formula (4). and X is cyano groups, such as low-grade alky! groups, for 
example, a methyl group etc., such as the substituent of arbitration, for example, a hydrogen atom, a halogen 
atom, for example, chlorine, and a bromine, and other radicals except for the case where there is a notice 
especially. 

[0026] (1) (meta) Acrylate system polymer [0027] 
[Formula 6] 



X 

... (6) 

[0028] (2) Styrene system polymer [0029] 
[Formula 7] 
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... (7) 

[0030] (3) Fumarlc-acid system polymer [0031] 
[Formula 8] 
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... (8) 

[0032] In an upper type, R' expresses LAC or expresses other radicals, such as aryl groups, for example, a 
phenyl group, such as an alkyi group, for example, a methyl group, an isopropyl group, and t-butyl, and benzyl. 
[0033] (4) Vinyl benzoic-acid system polymer [0034] 
[Formula 9] 
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... (9) 

[0035] (5) Norbornene carboxyllc-acid system polymer [0036] 
[Formula 10] 
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... (10) 

[0037] (6) Itaconic-acid system polymer [0038] 
I^^Formula 11] 
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In an upper type, R' is the same as the case of a general formula (8). 
[0039] (7) Maleic-acid system polymer [0040] 
[Formula 12] 

-iPH-ciHa 

CO to 
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... (12) 

In an upper type. R' is the same as the case of a general formula (8). 

[0041] In addition, these polymers are combined with other suitable monomeric units, and may constitute the 
copolymers (for example, a 2 component copolymer, a 3 component copolymer, etc.) of arbitration. 
[0042] Next, one gestalt of operation of the acid sensitivity polymer which makes an acrylate (meta) system 
polymer a subject of this invention for an example is explained. 

[0043] (Meta) The general formula of the acid sensitivity polymer which makes an acrylate system polymer a 
subject is [0044]. 
[Formula 13] 

K X 
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""OY ^OIAC 

... (13) 

[0045] It is come out and expressed. In addition, an acrylate (meta) system 3 component copolymer can also be 
constituted according to this. 

[0046] In an upper type. R' expresses hydrogen or the substituent of arbitration, for example, a halogen, an alkyi 
group, a methylol radical, etc.. and Y expresses the substituent of arbitration, for example, an alkyI group, a 
polycyclic nature alicyclic hydrocarbon radical, for example, an adamanthyl radical, a norbornyl radical, etc. 
[0047] m and n are the mole ratios of each monomeric unit, it is m+n=1 and X and LAC are the same as the 
case of general formula (6) - (12). 

[0048] It can reach and other acrylate (meta) system polymers can be prepared using the polymerization method 
generally used in polymer chemistry also including these things in the gestalt of a copolymer. For example, an 
acrylate (meta) system polymer can be prepared by ** to which a predetermined monomer component is heated 
under existence of 2 as a free radical initiator and 2'-azobisisobutyronitril (azobisuisobutironitoriru), and carries 
out a free radical polymerization. Moreover, acid sensitivity polymers other than an acrylate (meta) system 
polymer can be similarly prepared by the well-known approach. 

[0049] Moreover, when the acid sensitivity polymer contained in the resist constituent of this invention takes 
the gestalt of a copolymer according to this invention persons' further knowledge, it is desirable that the 
monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 
group has other protective group content carboxyl groups as shown in a general formula (13). That is, in addition 
to the 1 st monomeric unit containing the protective group content carboxyl group which contains the lactone 
part shown in a general formula (4) as a protective group, the acid sensitivity copolymer may have the 2nd 
monomeric unit containing other protective group content carboxyl groups, and such its a combination is 
desirable. Here, as other protective groups, it can **** according to an operation of the acid from a photo-oxide 
generating agent, and is a general formula [0050]. 
[Formula 14] 



[0051] It comes out and what is expressed is desirable. Here, it is R1. Expressing the alkyi group of the straight 
chain containing 1-4 carbon atoms, or branched chain, or the substitution product of this alkyI group, Z 
expresses the atomic group which constitutes an alicyclic hydrocarbon radical with the carbon atom which R1 
combined. The protective group content carboxyl group contained in the 2nd monomeric unit is a general formula 

rnnR9l nKA^AKokl^i «^l4-U^. .rvU 14- ^^x. ^w:»4. ...:4.u x^ij. 



[0052] preferably, although it may exist with various gestalten 
[Formula 15] 
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... (15) 

It is alike and is expressed more. 

[0053] Here, it is R1. And Z is the same as the case of a general formula (14) respectively. When it states in 
more detail, the desirable acid sensitivity copolymer with which the 1st and 2nd monomeric units have a 
protective group content carboxyl group is a general formula [0054]. 
[Formula 16] 
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' "is 



... (16) 

It is come out and expressed. 

[0055] Here, it is the same as the case of a general formula (13), and R', and X, m and n are R1. It is the same as 
the case of a general formula (14). Even if substituent R' and X which were combined with the carbon atom of a 
principal chain are the same, they may differ well. R' and X are a hydrogen atom or a low-grade alkyI group, for 
example, a methyl group, preferably. 

[0056] The more desirable acid sensitivity copolymer in the gestalt of operation of this invention is a general 
formula [0057], 
[Formula 17] 

X X 



...(17) 

[0058] It is gamma-butyrolactone-3-IRUMETA chestnut rate / 2-methyl-2-adamanthyl methacrylate copolymer 
expressed be alike. Here, X is a methyl group or hydrogen, and two X may be the same or may differ well, m and 
n are the same as the case of a general formula (13). 

[0059] High dry etching resistance (RIE resistance) can be acquired by including such a copolymer or the 
copolymer containing other polycyclic nature alicyclic ester If it is going to acquire the RIE resistance of the 



.novolak system resist average by which the current general purpose is carried out here, it will be desirable to 
make into about 50 mol % the content of the 2"methyl-2-adamanthyl methacrylate which is the 2nd monomeric 
unit in a copolymer. Moreover, since this copolymer is structure which does not contain the strong conjugated 
double bond or the aromatic series ring of the absorption to the light of ultrashort wavelength, its transparency 
over the light of ultrashort wavelength (193nm) like ArF excimer laser is high. 

[0060] Generally about 20 - 70-mol% of the content of the gamma-butyrolactone-3-IRUMETA chestnut rate 
which is the 1st monomeric unit which constitutes the copolymer shown by the general formula (17) is desirable. 
If the content of the 1st monomeric unit is less than 20-mol %, patterning will become difficult, and if it exceeds 
70-mol %. it will become easy to dissolve resin itself in a basic water solution. In addition, it is more desirable to 
make content of a gamma-butyrolactone-3-IRUMETA chestnut rate into 30-60-mol %. 

[0061] The mechanism of the chemistry magnification in the copolymer shown in a general formula (16) or (17) is 
the same as the mechanism of the chemistry magnification in the homopolymer fundamentally explained using 
the reaction formula (15), and the similar reaction in the 2nd monomeric unit is added to this. Next, the 
mechanism of the chemistry magnification in a copolymer is explained. 

[0062] It is known well that the polymer of an acrylic acid or a methacrylic acid has high transparency by deep 
ultra-violet range. For example, two kinds of ester sections of gamma-butyrolactone-3-IRUMETA chestnut 
rate / 2-methyl-2-adamanthyl methacrylate copolymer expressed by the general formula (1 7) do not contain the 
chromophore which shows a big molar extinction coefficient in 190-250nm. For this reason, a high sensitivity 
resist ingredient applicable also to the exposure using deep ultraviolet can be obtained by combining the photo- 
oxide generating agent of optimum dose with this copolymer. 

[0063] If the resist ingredient which combined the photo-oxide generating agent with the copolymer shown by 
the general formula (1 7) is used, in the exposed part, the following reactions will advance to separate or 
coincidence. 
[0064] 

[Formula 18] 
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... (18) 
[0065] 

[Formula 19] 
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... (19) 

[0066] The functional group from which it can be desorbed is easily introduced into the ester part of each 
monomeric unit of the copolymer shown in a general formula (16) and (17) by heating under existence of an acid 
catalyst. Proton acid is reproduced by the desorption of this functional group, and high sensitivity-ization can be 
attained by it. Moreover, since a carboxylic acid generates after desorption of a functional group, the exposure 
section of the resist film becomes meltable in a basic solution, and can be developed in a basic water solution. 
The resist pattern obtained is a positive pattern with which dissolution removal of the exposure section was 
carried out. In this case, since pattern formation is performed using a polar change produced in a polymer, a 
pattern without swelling is obtained. 



.[0067] A photo-oxide luminescence agent produces proton acid by the exposure of radiations, such as 
ultraviolet rays, far ultraviolet rays, vacuum ultraviolet radiation, an electron ray, and an X-ray. It can consider as 
the photo-oxide generating agent used in the gestalt of operation of this invention, for example, the following can 
be used. 

[0068] (1) Onium salts [0069] 
[Formula 20] 

(R)2— I'^x: 
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... (20) 

[0070] here — R — an aromatic series radical, alicyclic hydrocarbon radicals, or these substitution products 
expressing ~ X — BF4, PF6. AsF6, SbF6, CF3 S03. and CI04 etc. — it expresses. 
[0071] (2) Sulfonates [0072] 
[Formula 21] 
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... (21) 

[0073] (3) Halogenides [0074] 
[Formula 22] 

CXs^N CX3 

T T 

CX3 

... (22) 

Here. X expresses CI or Br. 

[0075] These photo-oxide generating agents can be used in various amount into the resist constituent by the 
gestalt of this operation. According to this invention persons' knowledge, the amount of the photo-oxide 
generating agent used is 0.1 - 50 % of the weight on the basis of the whole quantity of a polymer preferably. If 
the amount of this photo-oxide generating agent exceeds 50 % of the weight, light will be absorbed too much and 
it will become difficult to perform patterning. The amount of the photo-oxide generating agent used is 1 - 15 % of 
the weight on the basis of the whole quantity of a polymer still more preferably. Moreover, when the resist 
ingredient which combined the polymer and the photo-oxide generating agent is applied on a quartz substrate 
and the resist film with a thickness of 1 micrometer is formed, it is desirable to choose the structure of a 
polymer and a photo-oxide generating agent and the amount of the photo-oxide generating agent used so that 
the absorbance to exposure wavelength may become 1.6 or less. Especially when using the ultraviolet radiation 
of ultrashort wavelength, it is desirable to make it the absorbance to light with a wavelength of 1 80-300nm 
become 1 .6 or less. 

[0076] The resist constituent by the gestalt of this operation dissolves an acid sensitivity polymer and a photo- 
oxide generating agent in a suitable organic solvent, and is usually used in the form of a resist solution. An 
organic solvent useful to preparation of a resist solution is not limited to these, although ethyl lactate, methyl 
amyl ketone, methyl-3-methoxy propionate. ethyl-3-ethoxy propionate, propylene glycol methyl ether acetate, 
etc. are recommended. Although these solvents may be used independently, two or more kinds of solvents may 
be mixed and used for them if needed. Although especially the amount of these solvents used is not limited, it is 
desirable to consider as sufficient amount to obtain suitable viscosity to apply by spin spreading etc. and desired 



resist thickness. 

[0077] An auxiliary solvent may be added to a solvent (the main solvent) which was described above at the 
resist solution by the gestalt of this operation if needed. When the solubility of a solute and spreading 
homogeneity are high, it is not necessary to add an auxiliary solvent but, and it is effective when neither the 
case where a solute with low solubility is used, nor desired spreading homogeneity can be acquired. Usually, as 
for an auxiliary solvent, it is desirable to add one to 30% of the weight to the main solvent, and it is more 
desirable to add ten to 20% of the weight. Useful auxiliary solvents are butyl acetate, gamma-butyrolactone. 
propylene glycol methyl ether, etc. 

[0078] A resist constituent can be used as mentioned above and a resist pattern, especially a positive resist 
pattern can be formed on a processed substrate. Formation of a resist pattern can usually be performed as 
follows. 

[0079] First, on a processed substrate, a resist constituent is applied and the resist film is formed. A processed 
substrate is a substrate usually used in a semiconductor device and other equipments, for example, can mention 
a silicon substrate, a glass substrate, a nonmagnetic ceramic substrate, etc. Moreover, on the front face of 
these substrates, various kinds of thin films, for example, a silicon oxide layer, the metal layer for wiring, the 
interlayer insulation film, the magnetic film, etc. may be formed if needed, and various kinds of wiring, a circuit, 
etc. are made. Furthermore, in order to raise the adhesion of the resist film to it, hydrophobing processing of 
these substrates may be carried out according to the conventional method. As a suitable hydrophobing 
processing agent. 1 , 1 , 1 . 3. 3. and 3-hexamethyldisilazane (HMDS) etc. can be mentioned, for example. 
[0080] The resist film can be formed by applying a resist solution on a processed substrate. Although spreading 
of a resist solution has the technique of daily use, such as spin spreading, roll coating, and DIP spreading, 
especially its spin spreading is useful. Although, as for resist thickness, the range of about 0.1-200 micrometers 
is recommended, in KrF or ArF excimer laser exposure, the range of 0.1-1.5 micrometers is recommended. In 
addition, the thickness of the resist film formed can be widely changed according to the purpose for spending of 
the resist film. 

[0081] Before exposing the resist film applied on the substrate, it is desirable to heat-treat over about 30 - 1 20 
seconds at the temperature of about 60-180 degrees C (prebaking). This prebaking can be carried out using a 
heating means in ordinary use in a resist process. As a suitable heating means, a hot plate, infrared-heating 
oven, microwave heating oven, etc. can be mentioned. 

[0082] Subsequently, the resist film after prebaking is alternatively exposed using an aligner. Suitable aligners are 
a commercial ultraviolet-rays (far-ultraviolet-rays, deep ultraviolet) aligner, an X-ray aligner, an electron beam 
machine, and others. As for exposure conditions, choosing suitably each time is desirable. It is ****** to use 
excimer laser (KrF laser with a wavelength of 248nm and ArF laser with a wavelength of 193nm) as an exposure 
light with the gestalt of this operation especially. In addition, in this specification, exposure light also contains the 
radiation used with an above-mentioned aligner. 

[0083] Subsequently, the elimination reaction of the protective group which made the acid the catalyst is 
produced by carrying out after [ exposure ] BEKU (PEB) of the resist film after exposure. BEKU after this 
exposure can be performed like previous prebaking. For example, baking temperature is about 60-180 degrees C, 
and BEKU time amount is about 30 - 120 seconds. In addition, as for these baking conditions, adjusting suitably 
with pattern size, a configuration, etc. is desirable. 

[0084] The resist film is developed in a basic water solution after BEKU after exposure. The developer of daily 
use. such as a spin developer, a DIP developer, and a spray developer, can be used for this development. The 
basic water solutions which can be used as a developer are the water solution of I of the periodic table 
represented by the potassium hydroxide etc.. and the hydroxide of the metal belonging to II group, and a water 
solution of the organic base which does not contain metal ions, such as tetraalkylammonium hydroxide. A more 
desirable developer is a water solution of tetramethylammonium hydroxide (TMAH). Moreover, additives, such as 
a surfactant, may be made to contain for improvement in a development effect. Dissolution removal of the 
exposure field of the resist film is carried out by development, and only an unexposed field remains on a 
substrate as a resist pattern by it. 
[0085] 

[Example] Subsequently, this invention is related with composition of an acid sensitivity polymer, preparation of a 
resist constituent, and formation of a resist pattern, and the concrete example of shoes is given and explained. 
In addition, the following example is a mere example and the range of this invention is not limited by this. 
[0086] First, the synthetic approach of a gamma-butyrolactone-3-IRUMETA chestnut rate is explained. 
[0087] A dropping funnel, calcium chloride tubing, and nitrogen installation tubing are attached to fully dried 
200ml 3 opening flask, and the nitrogen purge of the inside of a system is carried out. The stirrer bar by which 
Teflon coating was carried out. a 80ml desiccation methylene chloride. 8.0g (78.4mmol) 3-hydroxy-gamma- 
butyrolactone. 9.84g (86.2mmol) desiccation triethylamine and lOmg N, and N-dimethylamino pyridine were 
added, and it stirred at -30 degrees C under nitrogen-gas-atmosphere mind. It was careful of methacrylic-acid 



.chloride 8.2g (78.4 mols) currently beforehand put into the dropping funnel for the temperature of a reaction 
solution not to become -30 degrees C or more, and it was dropped over 1 hour. 

[0088] Then, it stirred at -30 degrees C for 1 hour, and stirred at the room temperature for 1 hour, a reaction 
solution — a 300ml separating funnel — moving — 100ml water — subsequently saturation brine washed. The 
methylene chloride extracted the specified substance contained in a water layer 3 times, and it added to the 
organic layer. The organic collected layers were dried using anhydrous sodium sulfate, the organic layer after 
desiccation was filtered through the filter paper, and the solvent of filtrate was distilled off under reduced 
pressure. When the obtained brown oil was refined by the silica gel column chromatography, the gamma- 
butyrolactone-3-IRUMETA chestnut rate of light yellow was obtained. 

[0089] Yield was 7.34g (55%). The analysis result by the proton NMR of the obtained product is as follows. In 
addition, s in a parenthesis is a singlet and d is a doublet. 

[0090] 1HNMR(CDCL3. delta. J in Hertz): 1.95 (3H. s). 2.67 (1H. d, J= 19). 2.90 (19 1 H. dd, J= 7). 4.19 (1H. d, J= 
11). 4.55 (11 1 H. dd. J= 4.5). 5.50(5 1 H. dd. J=6. 7.5). 5.67 (1H. s). 6.15 (1H. s). 

[0091] Next, the synthetic approach of a gamma-butyrolactone-3-IRUMETA chestnut rate and a 2-methyl-2- 
adamanthyl methacrylate copolymer is explained. 

[0092] The gamma-butyrolactone-3-IRUMETA chestnut rate of 5.0g (29.4mmol). 5.55g (24.05mmol) 2-methyH2- 
adamanthyl methacrylate. the stirrer bar by which Teflon coating was carried out. 17.8ml dioxane, and 1.31g 
(8mmol) azobisuisobutironitoriru were put into the 100ml eggplant flask, and it stirred at 70 degrees C under 
nitrogen-gas-atmosphere mind for 8 hours. The reaction solution was thinned with the tetrahydrofuran (THF), it 
is dropped at the 1 1, methanol containing a small amount of hydroquinone. it was settled, and it carried out the 
** exception with the glass filter, and was made to dry on O.lmmHg and 45-degree C conditions for 16 hours. 
The powder of the obtained white was again dissolved in THF, the above-mentioned precipitation - desiccation 
were repeated twice, and white resin powder was obtained. From analysis by Proton NMR, the copolymerization 
ratio was proved that it is lactoneradamanthyl =46:54. The permeability in the wavelength of 248nm of this 
copolymer was 64% (on 1 micrometer of thickness, and a quartz substrate) on the wavelength of 1 93nm 96%. 
[0093] Yield was 9.07g (86%). Weight average molecular weight was 29300 (standard polystyrene conversion), and 
degree of dispersion was 2.56. The infrared absorption spectrometry (IR analysis) result was as follows. 
IR(KRS-5, cm-1): 2914. 1793, 1724. 1250. 1147. 1101 [0094] Next, the formation approach of the resist pattern 
using KrF excimer laser is explained. 

[0095] Gamma-butyrolactone-3-IRUMETA chestnut rate / 2-methyl-2-adamanthyl methacrylate copolymer 
compounded by the above-mentioned approach was dissolved in propylene glycol methyl ether acetate 
(PGMEA). and it ****ed in the solution 15% of the weight. In addition, 8% of the weight of gamma-butyrolactone 
was also included in this solution as an auxiliary solvent. Added 2% of the weight of triphenylsulfonium 
trifluoromethane sulfonate to the obtained solution, it was made to fully dissolve in it, and the resist solution was 
obtained. After filtering this resist solution with a 0.2-micrometer Teflon membrane filter, on the silicon 
substrate which processed by hexamethyldisilazane (HMDS) (adhesion promoter coat), the spin coat was carried 
out. prebaking for 60 seconds was performed at 1 30 degrees C. and the resist coat of 0.7-micrometer thickness 
was formed. After exposing this by the KrF excimer laser stepper (NA=0.45). and the rinse was carried out by 
deionized water after development with 2.38% of TMAH developer. [110 degrees C ] [ for 60 seconds ] Light 
exposure 25.0 mJ/cm2 Rhine and a tooth-space pattern with a width of face of 0.25 micrometers were 
resolvable. 

[0096] Next, the formation approach of the resist pattern using ArF excimer laser is explained. 
[0097] The resist solution compounded by the same approach as the case of the formation approach of the 
resist pattern using KrF laser was applied on the silicon substrate which gave the adhesion promoter coat, and 
the resist coat of 0.5-micrometer thickness was formed. After exposing this with an ArF excimer laser exposure 
machine (NA=0.55), BEKU for 60 seconds was performed at 1 1 0 degrees C, and the rinse was carried out by 
deionized water after development with 2.38% of TMAH developer. Light exposure 1 3.2 mJ/cm2 Rhine and a 
tooth-space pattern with a width efface of 0.18 micrometers were resolvable. 

[0098] Next, the formation approach of the resist pattern at the time of using other photo-oxide generating 
agents is explained. 

[0099] Gamma-butyrolactone-3-IRUMETA chestnut rate / 2-methyl-2-adamanthyl methacrylate copolymer was 
used as 15% of the weight of the PGMEA solution, and diphenyliodonium trifluoromethane sulfonate was added 
2% of the weight to resin, and it considered as the resist solution. The spin coat of this was carried out on the 
silicon substrate which gave the adhesion promoter coat, prebaking for 60 seconds was performed at 120 
degrees C, and the resist coat of 0.5-micrometer thickness was formed. After exposing this with an ArF excimer 
laser aligner. BEKU for 60 seconds was performed at 1 10 degrees C. and the rinse was carried out by deionized 
water after development with 2.38% of TMAH developer. Light exposure 1 1 .2 m J/cm2 Rhine and a tooth-space 
pattern with a width efface of 0.18 micrometers were resolvable. 

[0100] Next, the case where norbornyl methacrylate is used is explained instead of the 2-methyl-2-adamanthyl 



.methacrylate of the above-mentioned example. First, the synthetic approach of the copolymer of a gamma- 
butyrolactone-3-IRUMETA chestnut rate and norbornyl methacrylate is explained. 

[0101] The gamma-butyrolactone-3-IRUMETA chestnut rate of 5.0g (29.4mmol), 5.76g (29.4mmol) norbornyl 
methacrylate. the stirrer bar by which Teflon coating was carried out, 19.6ml dioxane. and 1.44g (S.Smmol) 
azobisuisobutironitoriru were put into the 100ml eggplant flask, and it stirred at 70 degrees C under nitrogen- 
gas-atmosphere mind for 8 hours. The reaction solution was thinned with THF. it is dropped at the II. methanol 
containing a small amount of hydroquinone, it was settled, and it carried out the ** exception with the glass 
filter, and was made to dry on O.lmmHg and 45-degree C conditions for 16 hours. The powder of the obtained 
white was again dissolved in THF, the above-mentioned precipitation - desiccation were repeated twice, and 
white resin powder was obtained. Proton NMR — a copolymerization ratio — lactone: — it was proved that it is 
norbornyl =49:51. The permeability in the wavelength of 248nm of this copolymer was 67% (on 1 micrometer of 
thickness, and a quartz substrate) on the wavelength of 193nm 96%. 

[0102] Yield was 8.61 g (80%). Moreover, weight average molecular weight was 17600 (standard polystyrene 
conversion), and degree of dispersion was 1 .76, The result of IR analysis was as follows. 

IR(KRS-5. cm-1): 2961. 1792, 1726, 1250, 1 147. 1 101 [0103] The gamma-butyrolactone-3-IRUMETA chestnut 
rate / norbornyl methacrylate copolymer compounded by the above-mentioned approach were used as 1 5% of 
the weight of the PGMEA solution, and triphenylsulfonium trifluoromethane sulfonate was added 2% of the weight 
to resin, and it considered as the resist solution (6% of the weight of gamma-butyrolactone is also included as an 
auxiliary solvent). The spin coat of this was carried out on the silicon substrate which gave the adhesion 
promoter coat, prebaking for 60 seconds was performed at 120 degrees C, and the resist coat of 0.5-micrometer 
thickness was formed. After exposing this with an ArF excimer laser aligner, BEKU for 60 seconds was 
performed at 1 10 degrees C, and the rinse was carried out by deionized water after development with 2.38% of 
TMAH developer. Light exposure 12.2 mJ/cm2 Rhine and a tooth-space pattern with a width efface of 0.18 
micrometers were resolvable. 

[0104] Next, dry etching resistance is explained. The lactone / adamanthyl system resist solution containing 
above-mentioned gamma-butyrolactone-3-IRUMETA chestnut rate / 2-methyl-2-adamanthyl methacrylate 
copolymer, and the lactone / norbornyl system resist solution containing a gamma-butyrolactone-3-IRUMETA 
chestnut rate / norbornyl methacrylate copolymer were applied on the silicon substrate, and the resist film of 1- 
micrometer thickness was formed. The coat of Nagase positive resist NPR-820 (Nagase make) which is a 
commercial novolak resist, and polymethylmethacrylate (PMMA) was formed for the comparison. They are 
microwave power 200W. pressure 0.02Torr, and CF4 with an parallel monotonous mold RIE system. It etched for 
5 minutes under the conditions of quantity-of-gas-flow lOOsccm, and ****** of the resist film was measured A 
measurement result is shown in the following table. 
[0105] 
[Table 1] 



V- v» X h 


X.yf->ifU — h (nm/mln) 


NPR-8 2 0 


53. 0 


PMMA 


80. 5 




60. 9 


9ir h>/y;vjj?;ur:;i/jjl 


6 9. 0 



[0106] From the result shown in the upper table, the etching resistance of the resist film by this example was 
close to NPR-820 which are a novolak resist and especially showed the resistance of NPR-820 and equivalent 
extent by lactone / adamanthyl system resist film. Moreover, it has checked that any resist film was superior to 
PMMA. 

[0107] Although this invention was explained in accordance with the example above, this invention is not 
restricted to these. For example, probably, it will be obvious to this contractor for various modification, 
amelioration, combination, etc. to be possible. 
[0108] 

[Effect of the Invention] According to this invention, the resist constituent which can form a detailed positive 
resist pattern with little swelling by usable sensibility is obtained. 

[0109] Moreover, since this resist constituent has high transparency in a deep ultra-violet region, it is applicable 
also to the exposure light of ultrashort wavelength like KrF and ArF excimer laser. 
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SoTU^-^o ^45. y-:/^P^ »h>-3 — r;i/>« 



10 



PAG 



^^V ly—h<D^m^^3 0 — 6 O^fVXft^Ctti^ 
[0 0 6 1] — «^ (1 6) t-fcii (17) tC^bfcW 
jESaS (1 5) ^fflv^TUJB^Lfc^ffia-e-mc^oftSft:^ 

{C 43 5 f t ¥ tii|ii<D ^ - X A O V ^ T IttB^ -r ;S. o 
[006 2] T-fV JVWtXliy^ * U ;l/iE©«-a-#:{±iai 

S, m^lt. -flSS (1 7) li:J:t?Ta$nSy-:/^ 
■7";l/g|5«, 1 9 0~2 5 0 nm^c*5^,^T:*c#*^^;^rot 

[0 0 6 3] -95^ (17) ■vmsti^nm-Bmcdm 

[0 0 6 4] 
[<kl 8] 



hv 



• • • (18) 
[0 0 6 5] 



OH 
[{Ll 9] 



0=0 



+ H+ 



50 



(8) 



10-319595 



13 



14 



CH3 




PAG 



hv 



H2C 



• • • (19) 

[0 0 6 6] -m^ ( 1 6) St; ( 1 7) ic^-tm 

[0 0 6 7] ^m^mnt. mnm. mmnm. m^m 

p 



— 0SO2CF3 




0SO2CF3 

^,,.A>;^OS02CF3 



10 



20 




H+ 



[0 0 6 8] 
[00 6 9] 
[^b2 0] 



(1) :t~'!7L.m% 



(R)3 — s*x: 



• • • (20) 

[0 0 7 0] cc-z\ Rii^mmm. i.L<imm^ 

PFe. AsFs, SbFe. CFa SOs^ CIO4 

[00 7 1] ( 2 ) :/KxX7";l/!S 

[0 0 7 2] 

[fb2 1] 




"OS02CF3 



etc. 



• • • (2 1) 

[0 0 7 3] (3) /^u^>imm 



CX3 



CX3 



CX3 



• • • (2 2) 

[0 0 7 5] c:ne.ojtK^^^j«, :^mm(ommtci: 



40 [0 0 7 4] 
[{k2 2] 




5 Pi^'X hffifiit!tS|ft>tCt3V^TV^5t^.5^«T-ffiffl-rS C 

so »*L<a. a^ttJo^fi^aiistcLTo. 



(9) 



1tP»g¥ 1 0-3 1 9 5 95 
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1—50 aM%T-a5So c <oyt^^M<omti^ s o aa 
SL<{4. a^i*<D^a^»if{c LT 1 ~ 1 5mm%T' 

SiSSO^n^^fflV^SJl-a-ti, jSSl80~300n 
CO 0 7 6] i^mf&mm\,ci:^V'y7. VUmalt^ M 

3 -xh 4^ 5/yntf T'ntfUV^f U 3— 
;1/><^;1/X— r;l/T-tr-7^-h^A^fi^$nS;6\ Cti?) 
tcffi^^ti^o^ cneor^iKfi. #3fiT<^fflbTt<fc 

[0 0 7 7] i^mmnmm\ci::h\y-J7.vm'mc^ -Jim 
«s%j^n-rs©*wsL<. 1 o~2 o«s%^Aa-r 

[0 0 7 8] ±KEOJ;'5{Cl-/S;'Xhfflfi!c^%^ffifflbT. 

[0 0 7 9] s-r. ^Sj!aas«±t ixi/"x hfflfigi^i;^^ 

^m^m^mif^ctt'^x^^o life, ctiibcommoy 
mm±i,at. ^^sictGLJT. ^mnrnm. m^<,£'>v=i 
ymimm. smm^mm. mmmmm. m^tmrnti^m 



IS 

It. m^lS. 1. 1. 1. 3, 3, 3—^^^:<^fli^ 

(HMDS) m^mf^CtffT^^o 

[0 0 8 0] \yi^x hmm^^mmmw±i^m^-r^c 
xev^flj. u-fi^m^. T'-f-y/m 
i^i^7.hmmit. mo. i-zoo iim(Dwmiim 

mtEn^f}\ K r F $fca A r Fx:^^2/-rU— tfSJtO 
0. 1 ~ 1 . 5 /X m(DWimtimM^tl^o ^ 

[008 1] »s±ij:^fl?LfeUi^x sj^-rs 
Hufc, ^6 0 — 1 8 ot:<7)raaT!^3 o~ i 2 o^fe^fc 

ctoyU'-^-^ti. u-s^xht/a-bx-p^fflwia^^S 
[0 0 8 2] i^^/^T^ ^T^^a^ffli/^TyU'^-i'^tD 

^(Dmnm imm^m. mmnm) myemm. xmmft 

ft2 4 8 nm©K r F U— IfRtf 1 9 3 nm©A r 

CO 0 8 3] i^v^T, S)tmo^':^x hm^s^'^^- 

30 ^ (PEB) ■rsci:{;:j;t?T. m^mmtLrcumm 

^iSLmume o~ 1 8 01C, ^—'i'mmiftms 0—12 

fX. Jgt^l|{cj;oTjSS[llffli-rsc:i:3bWSLv>o 
CO 0 8 4] S^t'^'^-^'©^. Ui^X FM^rffiSttzk 

^?ST'3^ft-rSo CCDilfistcti. Xtf^-r^a y/^, -r 

i^m-sn^mmmm(o i , 1 1 )g5tcs-rs^jso7K^{t: 
(TMAH) (oimmv^^o ^fc. m.m^Mcof^±(o 

nT> *S^ffi«c<D*.*^Ui^Xh/^^->i:LTS*S± 

tc^s-rs, 

so C008 5] 



(10) 



^mW- 1 0-3 1 9 5 9 5 
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[0 0 8 7] -t^lC^m-^'^rcZ 0 Om \ (Ds-oay^ 

xntcfSTp-h. mttf^viy^i^m. mmmxw^n 

^-/^-. 8 Om 1 iD^^igfb;?<^U>. 8. 0 
g (78. 4nimo 1) O 3 — b Ka4^i^— y —y'^^n 
^^hy^ 9. 84g (86. 2mmol) (D^mhV 
:^=^)VT^yRrJl OmgCDN, N-->V^;1/Z^y If 

a6rig"FD-htcAnTfeofc;^^^U;l/^^aU F8. 
2g (7 8. 4mo I) RJtmmOll^mti^- 3 OX 

[0 0 8 8] ^COtt. -3 OrTmPeTOJ^b. 

^U. 10 0ml :^>:v^TfSfiift^7j<T^gfe}*bfCo 

7j<etc^sn^gwi^^je{i:;^^U'VT3iHiamL. w 

[0 0 8 9]lK«{i> 7. 3 4 g (5 5%) T^feo/co 
ff^nfc^^ftOT'o h>NMR{c<i:;S^«f^S(i:^^iD 30 

[0090] »HNMR (CDCL3 , J in 
Hertz) :i. 95 (3H. s), 2. 67 (1 
H, d. J = 19). 2. 90 (IH, dd, J = l 
9, 7) . 4. 19 (1 H. d, J = 1 1) . 4. 5 5 

(1 H, d d, J = 1 1, 4. 5) , 5. 5 0 (1 H, 
d d. J =6. 5, 7. 5) , 5. 6 7 (1 H, s) , 
6. 1 5 (1 H. s) o 

[0 0 9 1]^^tC. Y-y'^U'y^ hy-3—C;l?^^ 40 
U-hi: 2~p<^;l/-2-T^T>'^;l/;^^$r^U 

[0092] 1 0 Om 1 0-^X:7vXr3tC5. Og (2 
9. 4mino I) <D y -:/^n^ ^ h >- 3 --f^bp^ ^ 
^UU— h^5. 55g (24. 0 5mmol)cO2- 
^^;l/-2-7'^^>^^;l/>Ci5r^Ul^-h. 7^:70 >n 
— r^>y^nfcX^— . 17. 8ml(7)>;;f 

1. 3 1g (8mmo 1 ) OA I BN^&Atl. 
^^»H^T7 0X:T8^raSBJ¥Ufco SjSJSJffi^-rh 
5liKn7^> (THF) XMisb. il^^gcot: Kn4^y > so 
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io'yTsy^JV^—Xm^nL. 0. ImmHg. 4 5^0 

^f^Ti 6^PBi$?:jg^-d:/co m^nrc}^^(Dm^^mzf 

THF tcrgft?^-ti:. ±ieott^-$^jS{t^;£: 2a[i^Djg 

KS-a-ttfi-^^ : Z^vy^;l/= 4 6:54 
hWB^LfCo <l(D*ta'&<*C0iSS2 4 8 nmtCfctt^^ 
51^(i 9 6%. fg^g 1 9 3 n mTti 6 4 % Cmm 1 /i 

[0 0 9 3]lRati. 9. 07g (8 6%) -efeo/Co 

mm^^^^mit 29300 mm:^^ v u^m 
») > 5i^iscj*t±2. 5 6Tfeo/co ^^nmmyti^m (i 

R:^W) ISmt*. :^co^:*5 0T*$>ofco 
IR(KRS-5 , ciD-^ ): 2914 . 1793 . 1724 , 1250 , 1 147 , 11 01 
[0 0 9 4] :^tC. K r FX:^^i/Vl^— Htf;&fflV>fcl^i^ 

[0 0 9 5] ±j^^<oy5l£iX^f&\^rcy-r^u^^h> 
- 3 — <;l/7< U h/2 2 -Ti^^> 

^/l/jL— 7^;l/T-trT— h (PGMEA) tcrgft?bT 1 5 

8«M%Oy-7^n^>7h>fe'g-^-y:fco t#e>nrc^ 

miC2mm%<D h U :7x::i;1/X;I/:7;^-:::»>A h U 
U:?^^-y7.J\yt-:^^—h^i}n^X+^lcmm'^'^. \yV7. 

>^>':/'y:yy^;V^xm^l^fcik. ^^-^^^^Jliyiy 

Zf^y (HMDS) (HMDS^ii) ^L/ci>U 

3>s«±tcxif>3-hu. 1 3 o*x:t-6 o^Pa^coy 

\)^^^n:Vi^XO. 7/xmP(OUi^XhSM^Jg^L 
fco cn^K r F Ji^^iyvl/— ^fX-r^y/^ (NA = 0. 
4 5) T^ST^Urdt. 1 1 0''CT6 O^Pel^-^'U 

2 . 3 8 T M A H]liS!?ST*]l^t^. 8M^;^- VtKT' U 
>XL/Co ^7t«2 5. OmJ/cm2 TipgO. 2 5 
mO'^-f'^TVKX-^-X/^^-V^MtT^/Co 

[0 0 9 6] A r Fai^->vU— ^^'^fflV^/cUv^ 

[0 0 9 7] K r F U-^f^^ffll^fcUv^Xh/^^— VCD 

y&WL-n^^o:^'^'^hn^(oi^mx^m.tc\yiP7s vmm: 
HMD s^^!la^^ab/c:->U3vs^g±^c^^L. o. 5 

/im/ptDb>^XhJ^M^Jg^L/Co cn^ArFX^^S/ 

vi^-^fii7t«i (NA = o. 5 5) xm^x^fc^k. 1 1 

0t:"^6 08>ra<D^— ^^fTl\ 2. 3 8%OTMAH 

mmixmm. u^^^yi^x^yyTsX^r^, nfmx 

3. 2mJ/cm2 T^f|g0. 1 8 /i mtO^-T VTV FX 
X7 ^ ^ - >'^ft?ft ^ /Co 

[0 0 9 8] ffitO^^%^SiJ%fflV^fc«^OU'V? 

[009 9] y-r^n^^ h>-3-^;l/p<^^U 1^ 
-F/2-p<^;l/-2-7'^'T>^;l/;><^^y 
«^«:^1 5«g%(^PGME AJgJg^U WflmcJ^U 



(11) 



ItgfW 1 0-3 1 9 59 5 
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2 Ofee 0#PB^CD:/y^— <>iS:ffV\ O. 5/imipCO 
lyi^Xh^m^B^l^tCo cn^A r Fx4^S/VU-+f 
UTtgETST^L/cf^. 1 1 0^T6 O5B>r0^cO-<:-^^gr 
2. 3 8%CDTMAHia{tJ]S"e3EifSf^, fltt^;^-^ 
7KTU>XU/co M^Ml 1. 2inJ/cm2 T*i|@0. 

/Co 10 

[0 10 0] :^^tc. ±lB^SS^J0 2-p<^;l/-2-7^ 

[0101] 1 0 Om 1 co-:^X:7^X3tC5. Og (2 
9. 4mmo 1) Oy-':/^a^^ h>-3-'Y;l/^^57 
^V\y—ht5, 76g (29. 4 mm o 1 ) 
;l/-;l/;?<^^U I/— *r:7n>3~7=-^ >^^n/cX 20 
^—"7—/%—, 19. 6m 1 cOS^:^+1t>'s 1. 4 4g 

(8, 8mmo 1 ) OA I BN^An. S^I?fflMT7 

ot: Fn^^^y A^rfl U h ^y-;!/^^: ST 
LTitS^-li. :^'^X:7-<;1/^— T^itgiJL. 0. 1mm 

fec7)5|f}^*;^st;T H F icmm^^. ±f2oas-^^{^ 

MRtcJ:t)ttfi'&ltti:'^^ h> : y;l/>i<;l/r:;l/= 4 9 : 

5 1 tWMLfCo C(D^m^i^(0^1^m2 4 8 nmtcfctt 30 

^^jg^ti 9 6%. m& 1 9 3 n mT(i 6 7 % (MiP 1 

[0 10 2] iKfi{i:> 8. 6 1 g (8 0%) Tfeo/co 
Sfc. SS¥i^^>?«ti: 1 7 6 0 0 (ii*pvi< U X^UV 



V >^ X F 



NPR-8 2 0 
PMMA 



[0 10 6] ±mic^^Lrc^^mt^ib. ^mmmic^^iy 

v^XhMOx^y^^^'ffittti:. y4<^^y^bi/^XhT$> 
SNPR~8 2 Otc)fi<, <^:t)t?tj'^^' h V/TiJi'W 
^;l/|^bv^XhMT*ti:. NPR-8 2 0i:lHl^eSOW 

ft^^bfco mrc. i^-rnoui^xbMfePMMA 

[0 10 7] t(±JIS£Wc»oT2ts:fgH^^Itt0^Urc;b^ 
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^» . ^WLmi^t 1 . 7 6TfeofCo I R5^^?f<0)Sgmti 
IR (KRS-5 . cm-^ ): 2961 , 1792 . 1726 . 1 250 . 1 147 . 1 101 

[0 10 3] ±jii^(D:^mv^f&Lrcy -y^u^^ h> 

hftfi'&ft^l 5fi«%cDPGME Ar§?g^L. mmic 
54 LT h U >^ xx;l/X;l/:7 - A h U '7;l/;i-a ^ ^ > 
X;l/;f>^-h:&2afi%j!iOx.Tlxi^XhtS?S^Lrc (?i 
S!jf§i^i:LT6a»%cDy->^^D^^ h^^^t?) o 

c H M D s mm^m u /c u :3 >'Sig± x tf > n 

— hu. 1 2 ot:T6 o#PBioyu^-^^tTi/\ o. 

5 Mni0t^Ui^XhJSM«:Jg^L/'Co Ctl^A r Fx4^ 

s/vu-ifMT^^^STST^L/cft. 1 1 o^'CTe oli^K 

(0^^^:^m\ 2. 3 8%COTMAHJiftJ^T*3Eg{t 

SJi^^tVyJcTU VXLfco mytmi 2, 2m J /c 
m2 TifiO. 1 8 ^mO^^r^T^KX^— X/^^$? — > 

[0 10 4] :^j)^lc. K'^^x^y^:y^Wtttcot>Tlfi0^ 
fSo ±5E<?Dy-:/^nv^h>'-3-'Y;l/y^^UU 

- h/2 -y^;l/- 2 -T^v>^;l/y U 

Stf y-y^n-^^ h>-3->r;l/p<^i^U l^-h/y 

^ ^ U Ix- hjta^<i;^#t?^ ^ h >/y 

;b.1-;;l/-;l/3^l^>?X h}g?g^v'U 3>S1g±tc^ffiU. 
1 /imJPtOUS?XhM*JBi?Kbfco Jt«cOfca6. TtJigO 
y .i^^^ y ^ 1^>>'X h -r^^^gjg^^i^'-r >^1^>>^X F N P 
R - 8 2 0 (MMMMM) mS-^^ U >^ ^;l/y ^ ^ U \y- 
h (PMMA) cOj^flg^JB^LfCo ¥fT¥*SMR I 
gT*^-<^nS[tt:^2 0 OW. jEtlO. 0 2Torr. 
C F4 1 0 0 s c c mO^f^T'T? S^^^Pa^x^y^ 

>'^X. Uv^XhMOJgMfi^^aiJ^U/Co ffliJ^J^Sm^T 

[0 10 5] 
[^1] 



5 3.0 
8 0.5 
60. 9 
69. 0 



[0 10 8] 

[0 10 9] S/c. CCDUi^'XhM^!a«. ?3i^i1^«tC 
43O>T*t/>3g0^14^Wt*§/'ci6. KrFRr/ArFx:^ 



X«y^>i^l^— F (nm/min) 



(12) 

21 
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